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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 1486

STRESS DISTRIBUTION IN A BEAM OF ORTHOTROPIC MATERTAT
SUBJECTED TO A CONCENTRATED T.0AD

By C. B. Smith and A, W, Voss
SUMMARY

Mathematical expressions have been derived for the stress distribu—
tion in e wood beam of rectangular cross sectlon subjJected to a concentrated
load. The orthotropic nature of wood was taken Into account in the deriva—
tion. The stress distributlions were expressed In terms of infinite serles.
A method of reducing the Infinite serles to the sum of s £inilte seriles and
a closed form was described.

The mathematically determined distribution of horizontal shear in
the vicinity of a concentrated load was compared with the actual distribu—
tion obtained by a test of a Sitkas spruce beam of rectangular cross section.

INTRODUCTION

A number of experiments on the bending of wood beams conducted at the
Forest Products Laboratory have shown some results that are not explainable
by the elementary theory of bpending. It is well known that the state of
gtress that is produced in the interior of = beam, slightly bent by any
forces, may be approximated by the elementasry theory of bendlng at all points
that are at a considersbly large distance from any place of loadlng or of
support. But the stress distribution neasr a concentrated load or a place
of support 1s not easlly determined. Hence, in applying the usual beam -
theory to wood besms, discrepancies occur in the neighborhood of concen—~
trated losds. This analysis is an attempt to present for wood beams a more
nearly exact mathematical derivation of the stress distribution near a
concentrated load that 1s obtained from the elementary theory of bending,
in order to explalin some of the discrepancies that may erise in the bending
of wood beams.

This work was conducted st the Forest Products Laboratory under the
sponsorship and with the financial asslistance of the National Advisory
Committee for Aeronautics. ——— -
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MATHEMATICAL ANALYSIS =

Method of Analysis - =

The beam discussed 1s assumed to be an orthotropic solid in the form
of a long, thin, rectengular plate having its edges parallel to two perpen—
dicular axes of elastic symmetry lying in the plane of the plate. In the
analysis wood 1s considered to be orthotropic. (See references 1, 2, and 3.)
For mathematlcal simpllicity the thickness of the beam is assumed small as
compared with the vertical depth of the beam sc that the problem can be
treated as cne of plane stress.

The beam 1s taken to be infinitely long and to be subJected to a
periodic normasl losd on the upper and lower faces (references 4 and 5).
The results obtalned are then extended to varlious types of locading end end
conditions for a beam of finite length. The formulas obtaeined apply to
beams of any thickness that 1s amsll In comparison with the depth if the
load 1s consldered to be given per unit thickness.

The x—axls ls taken along the middle line of the beam, and the equation
of the upper and lower faces of the beam 1s taken to be y = £ h, as shown .
by figure 1.

Sinusoidsl Loading of an Infinlite Beem
For the state of plane stress in the orthotropic beam, the stress

function 1is glven by a sultable solution of the following differential
equation. (See reference 6.)

5—141-:-2»:. e +°)+F=o (1) '
o 8x> 8n°> By
were O LINER ey 2 |
2 Hyy By
and o - . =
n =6y (3)

In equation (3)
(k)
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Also,

Exs Ey moduli of elasticlity in x— and y-directions, respectively
Hyy modulus of rigidity assoclated wlth xy—plane

Oxy Polsson's ratio assoclated with stress in x—direction and

strains in x— and y-directions

For the components of stress the notation Xy, Yy, and Xy is used

a8 in reference 7. Firat the beam 1s subjected to the surface force

Ty

%Hcosmx
X Y]

on the edges y = X h.

(5)

A solution of equation (1) that can be made to satisfy these boundary con—

ditions 1s
F = (Al cosh moan + By cosh mﬂq) cOos mx
where
a=\k +\je@ -~ 1 B =\lx 4l® —1
end 1t l1s importent to note that af = 1.

The 'resulting stress components are

:I_EE;?. =Yy = -2 <Al cosh man + By cosh mB-q) cos mx
€2 :_2%= Xy = €m? (Ala? cosh mon + 3152 cosh mBq) CO8 mX
T

3F _ v _ em?
_ea—a—n- = Xy = em (Alcx. sinh mon + B3B sinh mB-q) gin mx.

From equation (5), the value of Xy on the surface lesds to
Ajo sinh meeh + BB sinh mBeh = O
or

Aja sinh maeh
B sinh mBeh

Bl = =

(6)

Gy

(8)

(9)

(10)

(11)



Also from equation (5), the value of

On solving equations (11) and (12) for A, and By, it is _fouz_ld. that—

—-m2 Al cosh moeh + By cosk mﬂeh>

Ty
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on the surface leads to

HB sinh mBeh

2

cos mx = 2H cos mx (12)

Ay = (13)
om? (o sinh moeh cosh mBeh — B sinh mPeh cosh maeh)
and h ‘ -
—Ha ginh moeh
B = (14)
2m? (o ginh mo€h cosh mBeh — B sinh mBeh cosh maeh)
The state of stress 1s now given by
Yy = -~ -2%— (B sinh mBeh cosh man — a sinh mo€h cosh mBn> cos mx (15)
1
2
X, = I-{QJ_GD_ (or, ginh mBeh cosh man — B sinh maeh cosh mﬁn> cos mx  (16)
1
X, = -?%f- (sinh mBeh sinh mom — sinh moeh sinh mB-q> ein mx (17)
1
where
D; = o slnh mach cosh mBeh -~ B sinh mBeh cosh mach
Next the boundary conditions are taken to be
= & -
Yy-EH_cosmx ) (y—h)
N P -
Yy = — 58 cos mx <y h> (18)
Xy = O <y = + h)
A solution of equation (1) that-can be made to satisfy these condi—
tions 1is S s ' ST '

F= (AE sinh mom + By sinh m,B'rD cos mx

and the resulting stress components ars

8%F
ng

=Y'y

- m® <A2 sinh man + Bo sinh m,Bq) cos mx

(19)

(20)

il

(N

ddo
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€2 —:Eg = Xy = ¢2n® (A.ad? sinh mon + ByB® einh mBn) cos mx (21)
M
—€ 82 = = em? Asa cosh may + Bof cosh mBq ) sin mx (22)
Bane X, 2P cosh mem _

From equations (18) and (22) it results that
Aeor, cosh maeh + BQB cosh mBeh = O

or :
Axa cosh maeh

By = (23)
B cosh mPeh .
Also from equations (18) and (20), it follows that
me <A2 sinh mach + Bp sinh mBeh> = - %H (24)

On solving equations (23) and (24) for A, and B,, it 1s found that
A2 — HB cosh mBeh
om2(p sinh moeh cosh mBeh — o cosh moeh sinh mBeh)

(25)

and

_ Ha, cosh masgh (26)
om?(B sinh moeh cosh mBeh — o cosh mach sinh mpeh)

By substituting from equations (25) and (26), the stress components
become '

Yy = %—- (B cosh mBeh sinh may — o cosh maeh sinh mBn) cos mx (27)
2
Hee .
Xy = — - (& cosh mfeh sinh man — B cosh maeh sinh mBn) cos mx
5 .

(28)

———2%6 (cosh mBeh cosh mon — cosh maeh cosh mB'n) sin mx  (29)
2 .

whers
De = B sinh mach cosh mBeéh — o sinh mBeh cosh mash

For isotropic material, it follows from equations (2), (%), and (7)
that a, B, and ¢ are equal to unity. For this velue of a, B, and €, the
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stresses given in squations (15) to (17) and (27) to (29) reduce to the
ones that have been found for the 1sotropic case. (See references L4t and 5.)

The two problems Just solved glve pericdic sinusoidal load distribu—
tions along the upper and lower faces of the beam. It is now evident that—
by means of Fouriler serles the beam can he subjected to a very general
type of loading.

Concentrated Loading of an Infinite Beam

Congider flrst the Infinitely long beam acted on by equal and similarly
directed loads distributed over equal intervals of length &a. Thils distri-—
bution of loads mey be regarded as a continuous load of the type

Wx) = ... flx —2a) + §(x —a) + P(x) + B(x +a) + F(x + 2a) + ... (30)

where P(x) 18 a suitably restricted even functlon of x. It follows that -
¥(x) 1e an even function of period 28 and that V(x + a) = ¥{(x — a) = ¥{x).
These requirements are satisfied by the type of load used 1n reference 5,

in which the definition of @(x) was chosen as

B
P(x) = & o2 (31)

This expression represents a unlt load, since the area between the curve
and the x—exls 1s unity. For small values of & 1t is suitable Ffor the
approximate representatlion of a load applled over a small area by a curved
loading block. The components of stress amssocliated with a point load are
obtained as the 1limit, as & approaches zero, of the expressions for these
components in terms of the paremster ©. These limiting expressions repre—
gent the exact solution of the problem of determining the stress distri-
bution associated with a point load. For finite but small values of B

the expressions for the components of stress give the approximate distri-
bution of stross associated with & load distributed over a small area.

The expression for ¥x) (equation (30)) can be represented by a
Fourier series of the form

2nx L

¥x) = by + bp cos =+ by cos == + ... (32)
where
N ks ' b
by = EJW ¥W(x) dx
; &
2 !a (33)
br=g ¥(x) cos%dx(r:% 1!-,6...)
J
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Substituting equation (30) in the first of these integrals glves

a a a
bO:il}"F«[ #(x — 2a) dx + #(x — a) dax + #(x) ax
0 0 0

+fa¢(x+a)dx+ a‘¢(:z:+2za.)clx+...] (34)
0 0
Let
’ x-—2a=x_2\
XxX—a=xX
x = x4 > (35) .
X +a=x
s e J}
Then .
-a
‘bo=%[...+f #(x_p) dx_2+fo¢(x_l)d.xl f #(xq) dxg
~28, oy,
28 3a
+ #(x3) axy +f F(xp) dxp + ]
a 28
or
=%—f #(x) ax (36)

By similarly substituting equation (30) in the second of the integrals
of esquation (33), it follows that

b, =

I

a
‘1.. +O #(x ~ 2a) cosx—'—gx-;dx+o #(x — a) cosaa—n;dx

a a
+ #(x) cos XX ax + #(x + a) cos TEEL 4x
0 a 0 &

l/‘ #(x + 2a) cos——d.x+ ...]

vhere r = 2, 4, 6 ....
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Agalr. make the change of wvarigble indicated in equation (35). It
results that

o ) .
by = % [;,. +/! B(x_p) cos Eﬁ (xp + 22) ax_,
ti —2a

o)
+JP B(x_3) cos %; (x5 +a) ax 4 ﬁ/;a #(xp) cos ﬁf xg 8%,
—a

a,

2a 3
+JP p{x1) cos %; (x3 — a) dx; +Jﬂ
a ’ 2g

where » = 2, 4, 6 ...

B(xp) cos EX (x5 — 2a) axp ..]

or . }

by = EJP #(x) cos EEE dx (37)
—co

where r = 2, 4k, 6 ....

On sutstituting from equation (31), equations (36) and (37) becoms

by = = .
2 _rm (38)
b, =2e &
o = e
8,

where r = 2, U4, 6 ....

Wext consider the Infinlitely long beam acted upon only by a continuous
load of the type .

¥(x) = oo + P(x —22) —@F(x —a) + B(x) —@F(x +a) + ${x + 2a) ... (39)

where as bafore @(x) 1s a suitably restricted even function of x. The
function Y(x) 1e an sven function of period 2a. Further,

Wx + a) =¥(x —a) = <¢(x). Consequently, W¥(x) can be represented by
the Fourler series : '

¥(x) = by cos %% + b3 cos 3§§ + bs cos igl + eee (4o}

where N | . _ -

a R
b =§\/’ ¥ X ax . =1 41
s A (x) cos 3 (s s 3,5 ) (k1)



NACA TN No. 1h486 9

On substituting from equation (40), equation (L41) becomes

a : a
bs=§[..+£ #(x — 2a) cos%dx—/o‘. P(x — a) cosgaEclx

+/‘a #(x) cos %(de_/a #(x + a) cos -S%dx-l-(/‘a @#(x + 2a) cos gﬂd_'x]
0 0 0 &

Where S=l, 3, 5 soee

By meking use of eguation (39, 1t follows that

2 - Fi 1
bs’E[“" +J' B(xp) coa-sa—(x_2+2a)dx_2

—28,

0
_f ¢(x_l) cos % (x_l + a) ax_y +£a ¢(xo) cos s:;xo dxy

-8,

26, 3a
i #(xq) cos -EE"- (x, - a)axy +J;& @(xp) cos 8E (xp — 2a)axp ]

where 8 =1, 3, 5 ...

or
-]
_ 2 SX
by = E{[@Sﬁ(x) cos 22= ax
where 8 =1, 3, 5 eaee

By meking use of expression (31) for @(x), it follows that
81
where & =1, 3, 5 ... and ® 1s taken very emall In the applications that
follow.

Beam of Finite Length

It is now possible to Investigate the main problems of thils paper,
that is, finite beams loaded in various ways end having either clamped or
freely supported ends.

Teke the load to conslst of a series of isolated loads -W on the
upper face of the beam, with a serles of esqual ani opposite supporting
pressures on the lower face halfway between the loads, as shown in
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figure 2(a). This distribution of forces may be resolved into the sum of
the two distributions shown in figures 2(b) and 2(c), which are most con—
venlently treated separately.

In order to calculate the effect of the forces sghown in figure 2(c),

it follows on reference to equations (15), (30), and (38) that m = %E,'

and 1t 1s necessary to write

=¥
H= a
or rad (1"3)
H=-—%—‘r— e &

accordingly as r =0 or r> 0 and sum for even values of r. Thus,
the stress components are, in figure 2(c):

=~
rd
[22] — S ——
Yy=§—%+ j>: o & @sinh-zﬂg_ﬂl-coshﬂa-?ﬂ
I=2’...
—o, sinh _r_:_r_:_ﬂ cosh EP) cos %Uc—]
2 = _rm
xx=—L: 5 e 8 msinhm;!-mcosh __@nr:; (ul)
r=2,004
— B sinh Ilaih. cosh Eﬂ&'l) cos rnx
o a a a
7D
_ Ve : ____ra ainh rrfech ginh THOY
y=—-% R & a
I= ,...
_ rroch rafn rx
sinh —_— sinh 2 ) sin = _J
where r has even values and
D7 = o sinh ;ﬁ_g.eg cosh m;ﬁh -B sinh'z—"%e—h- cosh I_‘}_t_g_g_h, (45)

In order to calculate the effect of the system of forces indicated in
figure 2(b), it appears on reference to equations (27), (LO), and (42) that
1t 18 necesseary to write s

H =-.-_2Ee_ &
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and sum for odd values of s. Thus, the stress components are, for the
case shown in figure 2(Db):

. g1d® 1
W : - ~a gitBch inhgm
Yy'—"‘g E §_D___ BcoshTs -
s'—'-'l,o.o 2
—a,cosh'-s-’lu'—e}—l-sinhm> cog EBL
8 a 8
o _Bgmd
X_x=‘i:‘-?-. E e & or,co:s;h-'sig-s--lis.’m.’n-s—ng'-'EL
s=l_,o-u D2
(L46)

~ B cosh BROEh ynw 83BN ) oo BIX
a a a

[~ —ST[S n
Xy = We E e & (cosh E-j-(g-‘-e—- cosh E—’;&q
S=l,-¢- D2

— cogh 87%€l ,oqy B—15§-'3>51n s
a a ) J

where & has odd velues and
Dy = B sinh S—“—g—di cosh __EE_S“a L _ o etnh _E_Sﬂa L cosh ___srtz,eh (&7)

If now & 1s teken to be very smell, the sum of the two stress dis—
tributions (equations (Ll4) and (L46)) would give a stress distribution that
very closely approxlimates one arlsing from a serles of loads W distrib—
uted over small areas, as shown in figure 2(a). It is evident from
figure 2(c) that the stress components given by equation {(Ll) will be
relatively unimportant except in the immedlate neighborhood of the place
of eppllication of the forces.

It 1s now possible to draw some conclusions concerning the flexure of
finite beams under concentrated loads. Consider the portion represented
by OS in figure 3, It closely approximates a beam of length 2a clamped

horizontally at the ends and carrying a loali W at the center,

Again, consider the I;ortion FR, This part closely spproximates a
beam of length a supported by verticel shearing forces of amourt %J

on the two terminal sectlons, having Zero bending moments at P and R



and carrying a load W at the center. Thus section PR represents approximately a beam
of length a, aimply supported at the ends and carrying a load W at the center,

2T

A Simple Method for Computing Bquations (LL) -and (146)

Tt is poseible to express mpproximately each stress component given in equations (L)
and {46) in two parts, each having a finlte number of terms. The epproximation can be made
28 cloge as desired. As an 1llustration of the method of transforming the expressions for
the strese components in this manner, the procesa 18 carried through in detall for the stress

gomponent Iy glven in equation (¥4). By dividing both mmerator and dencminator by
cosh E‘-—:—@- cosh m;ﬂl, it results that the stress component X, 1In equation (44) becomss

2 i ginh TN sich XBL ]
(tanh rae) — (tanh trach) 2 __
I & fcosh rraEh & /cogh Ludeh
== L o ° = 2 sin ZEX
a a
o tenh FXE2 _ g tanp TXEED
a

Tel, .40 -

vhere r hag even velues., It 1s evlident that for all terms of this serles In which r 1s
groater then or equal to some number +, 1t 1s epproximetely correct to write

ta.nhfiif—li=tanhr—”f—h=l

0
B
U
1
oghl “oN HI VOVA




Hence, approximately

=

- iy rrfn 7] B

rfe h\B ioh =3 p (07 h\ain.h a >

(tanh y }— e Q:a:nh ) 4

i _xrid cosh mgi- cosh tﬂg-dl e -

X =~— < <] sln — ?

y a @ ta,'ﬂh [:J'[Cl..sh B 'ba.nh r!gﬁeh »
r=2 a

§ - &

a

_rafeh /TAPn _ raby
-0 : (ea —8 &> sinr—;q (w)

where the summation is of even values of T and t 1 sn even number and chosen so that
-‘E-“%E-]i > 2. . (49)

A closer epproximation vesults 1f t 1B tgken atill larger than equation (49) would

indlcate. However, the approximation (egmation (49)) appears to be reascnably good.

APtor vriting in exponsntial form the trigonometric factor sin IIL ocourring in

she 1n®infite series in equation (48), four infinite geomstricel progressions are obtained,
each of which is readily swmed. It is found that

£T



HT

e i -xzb sioh THEER gypy THOR _ gy ZT0ED oy TN o
= — e (<] Bin
.xy \r= a sinh rﬂ:ﬁh cosh :5%6—}1- — B sinh Hg-e—h cosh _I'_IL:IE_}J_ &
1 o1 {gin th — 627 sin(t — o Pl I sin tA + e oPL gin(t — z)iJ
(a —B) 1 —26%"1 cos 20 + elfyl 1 — 2672PL cop 2 + 51
_ ew2 [ﬁin A — 327 gin{t — 2))\] thL. gin th + e t — 2)31
1 - 20772 Gog 2\ + 072 1~ 26722 cog X + & P
vhere
j
7y =5 [aely —n) -9
72=§@€@—h)—ﬂ
pl=§[ae(y+h)+&] F (51)
Py =X
S AL RN g
- B
nx
o £
~ 5

Usuelly, 1t is not necesasary to take t larger than 12 or 14. However, in each case
equation (49) must be used in order to establish the value of t needsd.

g6l
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By applying this method to the other stress components and rewrliting
the oexpression for X..y., 1t vesults that equation (44) can be written

approximately as

rrd
W 1 & JE
Yy ==\ "3 + rE_ Dy (B sinh rvah cosh rv,y

— o sinh ry;h cosh rv2y> cos %

+ R[Bf(t,71) + BE(t, — p1) —af(t,7p) — af(t, — 72ﬂ

_rnd®
- U2 e 2 inh v h cosh
X_x =% pa T a s v h cos rvly

r

— B sinh rvih cosh rv2y> cos —aE 52)

+R [a.f(t, 7)) + af(t, — p1) — BE(t,7p) — BE(t, — pa):[%

rd
we | 8 o TE
X’.Y = — = E &—— (sinh rvoh ginh rvqy
& r= Dy

rax
— sinh rv b sinh rvoy ) sin —=

+ R[— 1£(t,77) + 1£(%, — p1) + 1£(t,75) — 1£(t, — peﬂ

where .
v, = I*¢ \1
1 a
nBe
vy = Z2€

g (53)

t 2'3'-E (t even)

Vol
ep(q+i7~)E_ - e,2(q.—i7h):|

(a0 — B)EL — 26°% cos 2M + el“{l/

f(P: q,) =
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1 =V=1; Dy, Dp, 71, 72, P1s Pp, @nd A are given by equatione (45), (A7),

and (51); and R means that the real part of the expression following 1t
15 to be taken. Correspondingly, equation {h6) cen be written approximately

a8

- _Bnd -
=2 a
Y=-—-W-‘> S (Bcoshsvhsinhs
y
yT el D 2 et

— o cosh svlh ainh svay ) cos _S%CI;

+ R'-_-— pe(m, 73) + 8E(m, — 01) + of(m,7p) — o (m, ~ "2)]}

81d
we? [ -~
Xy = — - %_ o cosh sV h sinh evqy
8=l 2
. X
B cosh sv,h sinh sv2y) cos — | > (54)

+ R[-: of(m,77) + of (m, —p7) + Bf(m,')’é) - pf(m, — 92);]

_ We }_—_; e 2
Xy =3 2 5, (cosh sveh cosh V1Y

S
— cosh svlh cosh BVoY ) gin =

+ R l“if(m: 71) + if(m: - pl) - if(m, 72) - if(m: “' 92)

where s 1s 0dd; mz-\zl—éﬁ when m 1s odd; Dy, Do, 71, 72s P1s Pos My

f, and 1 are glven as befors by equations (4s), (b7), (51), end (53);
and R means that the real part of the expresslon following it is to be
taken.

Tt 18 to be remembered that equatlon (52) for a smsll value of B
gives the stress components corresponiing to the load distribution shown
in figure 2(c), except that the loads are distributed over a small area.
The results for point loads are obtained by petting & equal to zero.
(84 percent of the area unier the curve of equation (31) 18 over a length 238
on either side of x = 0.) Similarly, equation {54) corresponds to the loal

I

A

|
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-distribution shown in figure 2(b). Neither of these load distributions
alone would be of much practical Importance. However, by adding the two
distributions, the resulting stress dilstribution is that of an infinlte
beam loaded at equal intervals by equal concentrated forces actlng in the
upward end downward directions alternately » a8 shown by flgure 2(a). TFrom
the combined stress distribution, it is possible to draw some conclusions
regarding beams of finlte length subjected to concentrated loadlng.

Reduction of Equations (52) and (54) for an Isotropic Beam

The stress components given in equations (52) and (54) admit some
simplification when they ere applied to an lsotropic beam. Although the
isotropic case 1s not being considered in thie report, it may be of
interest to determine the forme to which equations (52) and (54) reduce in
this case. TFor the 1lsotroplc case, P approaches o as o approaches 1,
and ¢ also becomes equael to 1. For these values of a  and B, egqua—
tions (52) and (54) become indeterminate. By evaluating (noting that v,
Vos 75 7ps P71, 8nd pp are functions of o and B), it results that for

an lsotropic beam, equation (52) becomes

rstB * | _' j
=g{%+ [mhr“h(—ﬂ 1nh—ﬂ—coshm)

rxh cosh :_5-_:._1_1_ cosh —ﬂz-] cos 5’5

+ R[ (y — B)B(t,7) ~ £ (7 + B)B(t,p) — £(5,7) = £(t, —p)
rn:S

Xx=_.¥l % eA [sin.h I—'g-]&(r%sinhngl+cosh ?>
a 9. ) S =L 55)

rix
- L@ cosh .-'E’.Eli cosh Eag] cos ===

+ R[ (v - h)P(t 7) —'— (v + B)B(t,~p) + £(t,7) + £(t, —p)]}

rnﬁ
E—e
X, = -¥ e (—’f-l sinh r"h cosh ——’?I
8,
=

rrh rzh ray TIX
- = cosh y sinh a)sin

+ R[_ ié’.f. (v = n)p(%,7) - '%r (v + n)e(s, - pﬂ}
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where r 1is even and

t_>_3;£a- (t even), A =%,7=§[(y—h) —5],,3 =£['(y,+h) +5]
GP(a+in)

P(p,q) = [p — 2(p — 2)e24 cos 2

(l — 2029cos 2\ + e"m)2

+ (p — kYoM — (p + 2.)92(q—i7")

. 2pee(:aq-:m) ) 2(3q—1xﬂ

cos 2h — (p — 2)e

| ep(q+i7\.)[—l _ eE(q_—i?«)]

(p, q) =
(2, @ (d.-—B)@.—Bezqcosa?‘.+el"Q)

- T

Al=ra-£1-+sinhrghcoshrgh
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~

J

and R means that the real part of the expression followlng it 1s to be
A closer approximation to the actual stresg component in the
lsotropic case results the larger the value of t 1s taken. However,

taken.

any value off t > 3;-151—& appears from numerous computations to be reasonably

satisfactory. Similarly, equation (55) becomes for an isotropic beam:
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a8xd®

-—= n
Y =-— e %
4 oo =g (57 comn 257 - wamn 25

P

2
P
8=

_ Brh

£ smh%sinhmjcosm
a a

l:' Z(y -1 Plmy) -3 (v + 1) P(m,—p) + £(m,7) — £(m, —o):}
¥
a

s:tS
= 4’ E:osh §—ﬂ£<m cosh 851 4 ginh ﬂ)
a 8 a a
S gy B gy ST [oos £ k (57)

+ R[— Z (y - 1) P(m,7) — & (7 + 1) Plm,~p) — £(m,7) + £(m, —p)]}
é/m s _8®
- & 8
S %. 057 |2 comn 22 et B

— 878 g4y B3R cogh ﬂ] gin BIX
a a a a

+R[1 Z( -h) Plmy) —1 2 (¥ + ) P(m, —p)]}

where

m > 3322 (odd)

_ 8xh sxh sxh
Ay = —= — sinh == cosgh ==

s 1s odd; 7, .P, A, P, £, and 1 are given by equation (56); and R means
agaln that 'the real par'b of the expression following it 1s to be used.

EXPERIMENTAT. VERTFICATION OF ANATYSIS

In the vicinity of a concentrated load on a beam, the distribution of
the longitudinsl shear over a cross section is markedly different from
that predicted by the elementary theory. An estimate of the accuracy of
the method can be obtained by a comparison of an experimental detorminstion
of this distribution with that calculated by the mathematical method
described herein. Such an experimental determinastion and a comparison
were made and sre described in the following sectlons.
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Description of Test

The plan wasg broadly, to obtaln a sclid wood beam of uniform struc—
ture, to filx 47 metalectric gages on each face in the vicinity of the
load point, to apply load and record stralns by means of metalectric
rosettes by using a 48-point recorder connsected first to the gages on
one face wlth one check gage on the other face, and then to repeat the
application of load in identical manner and record strains by using the
recorder connected to the geges on the opposite faces.

A clear, straight—greined Sitka spruce beam was selected. The rough
plece was 3 inches by 10 inches by 16 feetwith the 10-inch dimension in
the tengential direction. The annual rings numbered about 18 to the inch
and thelr radilus of-curvature wes aspproximately 3 feet. The grain was B
almost parsellel to the length of the beam throughout. One-half the rough
plece was surfaced on four sides and trimmed on the ends to give a
finished beam 1.99 by 9.37 by 96.03 inches. The specimen was then stored
in a room of constant temperature and humidity for 3 weeks untill its
welght-became conatant.

It was deslirable to obtain stralns in three directions at definite
points on the surfaces of the beam. The use of electric—resistance—type
gtraln gages appeared most feaslible provided thata short encugh gage
length can be obtained. Metalectric gages with.%-—inch and %-—inch gage

lengths and rosettes with l—inch gage lengths are commercially avallable.
Strains measured by these gages are average strains over the gage length,
and, therefore, the l—inch rosettes are not suitable for the purpose.

Rosettes can be bullt up, with elther the %-— or %-—inch gages, by mount—
ing the gages on top of each other. The é_-inch &ages are 1/4 inch wide,

g0 that when they are superimposed on each other, the flirst gage is
shorter than the width of the gage beneath it. This was believed to be

undesirable, and the %—-inch gages were, therefore, not employed.

The %::inch gages were 1/8 inch wide and, therefore, thies difficulty was

not—encountered in their use. Rosettes were bullt up of these gages, amd
the effect of superimposing the Individual geges on each other was found
as follows. .

Three rosettes; bullt of three gages each, were mounted on the center
line of a strip of clear Sitka spruce l/h Inch thick, 1 inch wide, and
about 24 inches long, which was then subjected to tension. The positiors
of the ‘gages are shown in figure 4, and the values ofthe strains
cbgerved for a geriles of loads are given in table 1. In rosetts A, the
longitudinal gage is applled directly on the wood. In rosette B, the
longitudinal gage is between the other two gages.  In rosette C, the
longltudinel gage is superimposed on both of the other two gages.
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Examinatlon of the data tebulated 1n table 1 shows that the straln
readlings were dupllicated to within 0.00002 inch per inch in successive
loadings. The cherts from the recorder were read accurately to about
0.000008 inch per inch. Higher accuracy was not possible because of the
thickness of the recording trece. When the traces overlapped prior
traces, the readings were less accurate.

The data also indicate that the positlion of the gage in the rosette
does not significantly influence the strain recorded. The longltudinal
strain measured by gage 1 in rosette A (fig. 4) can be assumed to be
correct because the gage was mounted directly on the wood. Stralns
measured by gage 2 of rosette B, which was superimposed on one other
gage, showed increases compared with gage 1 of 0.000010 inch per inch in
the first and 0.000016 inch per inch in the second loeding at a loed of
750 pounds. The longitudinal strains measured by gage 3 of rosette C at
the same successive loads were 0.000060 and 0.000068 inch per inch
greater than those measured by gage 1. Thus these date indicate that the
superimposed: longitudinal gages undergo greater stralns than the gage
mounted directly on the wood. However, the gages measuring strain at h53
to the longitudinal direction do not confirm this indication. Gage 6 wes
applied directly on the wood. Gage 4, which was applied on one other
gege, ylelded values of strein O. OOOOhO and 0.000050 inch per inch less
than those of gage 6; and gage 5, which was superimposed on two other
gages, ylelded values 0.000050 and 0.000040 inch per inch less than those
of gage 6. Gage 8 was also applied directly on the wood. Gage 9, which
was superimposed on one other gage, ylelded values O. 000060 inch per inch
less than that of gage 8; and gage 7, which was superimposed on two other
gages, ylelded valuss 0.000030 inch per inch greater than the value of
gege 8. These results indicate that the positlion of & gage (bottom,
center, or top) in a bullt—up rosette apparently has no consistent effect
on the recorded strailns. Furthermore, the differences in the magnitudes
of the strains read by gages oriented in the same direction are so small
that they might very well be differences in actual strain from polnt to
point in the specimen. Tt is assumed, therefore, that rosettes of this
type yleld values of straln that are sufficlently accurate for the purpose
of this report.

Gages of thls type were mounted on the beam while 1t was approaching
its equilibrium moisture content in the humidity room. Their positions
are shown by the sketch (fig. 5) and by the coordinates in table 2. The
rosettes wers bullt up with the gage measurling strain in the longlitudirel
direction of the beam applied dlrectly to the wood and centered on the
point shown in figure 5. The gage measurlng strain, at 90° to the longl—
tudinal direction was superimposed on the first. gage ‘and centered on the
same point. The third gage, which msasured strain at 45° to the longi—
tudinal, was superimposed on the first two gages and centered on the
same point. Additional gages with l—inch gage length were applied to
measure . longitudinal strains in the vicinity of the neutral axis as
shown.‘
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Points symmetrically arranged about the line of action of the load
were accurately lald out~on both faces of the beam by using a square
and a scale graduated to 0.0l inch. Application of the gages required
that a rrime coeting of glue be allowed to dry on the wood. Fresh glue
was spread on both the gage and the beam, and then the gage was firmly
pressed Into position, the squeezed—out glue was removed, and a weighted
pilece of sponge rubber to apply pressure was left on the gage for 48 hours.
The layout-linss were covered by the first gege applied, so that the lines
were redrawn on top of the gage for applying the superimposed gage. How—
ever, after all geges were applied and the coordinates were measured for
the center of each gage, 1t was observed that some individual gages were
centered as much as 0.04 inch from the point desired. In comparison with
the dimensions of the beam, the location of gages wes consldered satis—
factory and was within 0.03 inch of the average values given in table 2.

The beam was tested in the room of controlled temperature and
humidity after equilibrium moilsture content was attained. A four-screw
mechanical testing machine of 10,000—pound capacity was used with a static—
bending Jig centered on the weighing platform. The Jjig was made of a
pair of 4—inch T-beams bolted together with spacers to glve a p—inch

clearance between flanges. Laterally adjustable supports were spaced
gymmetrically from the center of—the Jig to glve a 6—foot span and were _
bolted to the top flenges. The beam was then centered on the supports,
and roller—bearing plates were insertsd between the beam and the laterally
adJustable supports. Load was applied to the center of the beam by means
of a spherlcal head and & hard-maple bearing block cut in the shape of a
cylindrical segment.

A great emount of difficulty wes encountered in attempts to apply
the load. Several loading blocks were each trled 1n several preliminary
loadlngs, but—the observed values of straln were far from symmetrical
about the plane in which load was applied. The slightest—change in the
position of the loading block produced large change in the strains on the
faces of the beam. Consecutive loadings under conditions reproduced as
closely as possible for each load did not produce identical strains. The
plan to obgerve strains in each face of the beam in two consecutive load-
ingse wae therefore discarded. The l—inch geges in the vicinity of the
neutral axis could not be read with sufficlent accuracy to yield usseful
data; 48 gages were, therefore, selected for measurement of strain during
a single epplication of the load. These gages are shown in circles in

figure 5.

Before the final data were teken, a Jolnber cut 0.05 inch deep was
teken along the top of the beam to remove any material that could have
been overstressed beneath the lovad block auring the previous applicatioms
of loed. A new hard-maple load block was turned in a wood lathe to an
ll—inch radius to insure & true cylindrical segment. The beam was agaln
get up and small loads, less than 200 pounds, were applied to check the

centering of the loading block againet the symmetry of the gage readings.
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Movements of 0.0l inch of the loading block wWers sufficient to produce -
definitely nonsymmetrical distributions of straln. -When the loading -~
block was centered. to.give approximately sy‘.tmnetrical strain.s 5 the bee.m ’

was tested as follows. -.

The 48-point recorder was adjusted for the initial reading of each
gage while a load of 15 pounds was meintained on the beesm. ' Stralns were =
then recorded for geges on both faces of the hesam while consecutive loads
of 100, 200, 300, 400, 500, and 600 pounds were maintained.

Obsexrved strains were recorded whlle a constant deflection was main-
tained on the beam. Because the load was comparatively small and ouly a
few minutes were required to record the strains, plastic flow of the
material of the beam probsbly &ld not influence the strains Sheerved.
Certain gasges reglstered such small increments of strain (lese than
0.000008 in./in.) that the recorded traces overlapped and made accurate
Interpolation of the strain difficuit. The readings taken for small
" increments of strain are, therefore, not so reliable as those taken for
large incremsnts. '

After the beam was tested, specimens for the determination of its
elastic properties were cut from it. They were takern from the central
part of. the beam. For the plate-—sheer_test, these speclmens consisted of
two specimens measuring 1/4 by 9%;— by 9]:1 inches each; and for the com—
pression test, the specimens consisted of two specimens parallel to the
grain and measuring 2 by 2 by 8 inches each and two specimens perpendicular _
to the grein and parallel to the depth of the beam and :measuring 2 by 2
by 8 inches each.

From the static bending tests the modulus of elasticity only was
determinsed. The médulus of rigidity in plenes parallel to the faces of
the beams was determined by the plate-shear tests. Modulus of elastlc—
ity in compression and Poisson's ratlos in the TR—, Th, IT—, and LR~
directions were obtalned by the compression tests.

Presentation of Data

Data obtelned from the test of the beam are recorded in table 3. )
column (1) are listed the west— and east—face gages shown in figure 5. The
gage readings at 15, 100, 200, 300, 400, 500, and 600 pounds are given in
columns (2) to (8), respectively. Dimensions of the beam at time of test
were 1.99 by 9.32 by 96.03 inches. The strains tabulated were read and
checked from the chart plotted by the 48—point strain recorder.

Readings of each gage sre plotted in filgure 6 and are grouped. in
accordance with distance from the plans 1in which the losd was applied and
with distance from the center line of the beam. The slope of these curves
from O to 500 pounds was used to determine the strain.s 'babulated. in
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column (9) of table 3. From these stralns the shear strains in the Xy—plane
were computed for the polnts at which rosettes were located. In table 2
the x— and y— coordinates of the gages are glven in columns 2, 3, 6, and 7,
and the shear strains are tabulated in columms (4) and (8). The strains in
both faces and at points 0.4 inch on each silde of the load were averaged
for each group of gage positlons at symmetrlcal looations. These average
values are glven at the end of table 2. C

Shear stralng in the xy-—plane of the beam when subjected to a 500—pound
load were computed by the mathematical method previously presented for
pointe 0.4 inch from the plane in which load was applied. Computations
were based on the elastic propertiles given in table 4 obtained by tests of
coupong cut from the beam after test. The strains were calculated for
three distributions of load (& equal to 0, 0.125, and 0.250 inch) by
obtaining the shear sgtresses from the third part of equatioms (52)
and (54) end dividing their sum’ by the modulus of rigidity. This method
of obtalning shear strains from sliear stresses lg valid only when the
streins associated with the graln directlon and the radial or tangentlal
direction are required. (See references 8 and 9.

For exemple, the strain computed at x = 0.40O and y = 1.48 with & =0
was obtained as follows. Filrst the values of_ % was found from equation (k)
to be 0.0359k4, and from equation (49) the value of + was established
as 8. Then fram equation (52) the term

1o
- £ S e & - - rnx
P _ﬁf— (sinh w2h ginh rvly sinh rvlh sinh rvey) sin =

was evaluated and found to be 0.001002. The real part of the term

- & R[A(5, 7)) + 18(5, ~p1) + 12(5, 7p) ~ 12(t, —pe)]
of equation {52) was found to be 0.002806. By adding these tarms and
multiplying by W the strees X, was found equal to O. 003808W. In a

similar manner for equation (54), m was firstestablished equal to 7.
The term

S
% ij_z eD2 - (cosh sveh cosh BVLY — cogh svlh cosgh sve\y) gin -S-é-—

and the term
&RElf(m, 71) + 1f(m, —p) — if(m,7,) — 1f(m, —pgﬂ
werse found to be 0.004437 and .0.003925, respectively; on suirmﬁng and

multiplying by W, the value of— Xy from equation (54%) was found equal
to 0.008362W. The sum of the stresses computed by equations (52) and (5k)
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gave the total shear stress X? at the polnt equal to 0.01217W. By
substituting the load per inch'of width (500 1b/1.99 in.) for W and
dividing by the mo E%us of rigidity Bxys the strain oxy was found
equal to 33.72 X 10

Computed strains for several points are glven in table 5 in which
columns (1) and (2) glve the x— and y—coordinates of the points and
colums (3), (%), and (5) give the strains, respectively, with 3 equal
to 0, 0.125,and 0.250 inch.

A comparison of the computed and the observed distribution of shear
strains is presented in filgure 7 in which three curves, one for each
value of B, and the average observed strains are plotted with distance
from longitudinal center line as ordinate and the strains at points
0.4 inch from the plane of loading as abscilssa.

RESULTS

The results of the computations given in table 5 and the average
results of the tests glven in table 2 are plotted in figure 7. In this.
figure the ordinates are distances upward from the center line of the
beam and the abscissas are shear strain. The distribution of strain
obtained by the elementery theory is also shown. The difference between
the ‘two methods 1ls marked; that is, the method developed hereln exhlbilts
a high—stress concentration near the top of the beam and the elementary
method yields a low maximum at the center of the beam. -

The data from the test exhibilt a stress concentration similar to
that obtained by the more accurate theory. The measured strains at the
two points 1.48 and 2.72 inches from the center of the beam agree with
the theory within the accuracy of the experiment. The stralns at these
two points are so small that the corresponding traces on the chart of the
recorder overlapped and could not be accurately read. The strain at
3.72 inches from the center of the beam agrees very well with the curve ’
for & =0 +that is for a concentrated load. Of course, the load was
not concentrated in the test but was applled over a length of about
0.4 inch by the cylindrical load block. However, at a dlstance from the
region over which the load is applied the difference in the effect of a
truly concentrated load and one applied over a small region ghould be small.
The strein at 4.48 inches from the center of the beam shows the effect of
the distribution of the load. At this point, the theory approximately

agrees with experiments if & is given the value of 0.250 inch. The
strain is congiderably less than that due to a concentrated load.

If the actual distribution of the load on the beam were known, a more
accurate solution for the strain distribution near the load could be
obtained by integrating the solution for a concentrated load of varying
intensity over the loaded part of the beam. However, this distribution
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is difficult to determine and usually 1s not known, and, therefore, further
refinement of the method seems futile. =

CONCLUDING REMARK _ . Cee e en

It arpears that the shear strains computed by a derived masthematlical
method were verified, as closely as could be expected, by experimenton
a wood beam of rectangular cross section.

Forest Products Laboratory, Forest Service T ’ p—
U. S. Department of Agriculture
Madison, Wis., February 18, 1947
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TABLE 1.- STRAINS OBSERVED IN ROSETIES MOUNTED ON A STRIP OF WOOD

SUBJECTED TO A TENSILE LOAD

Strain
(in./in.)
Load
(1b) Gage 1 Gage 2 Gage 3 Gags 4 Gage 5 Gage 6 Gage 7 Gage 8 Cage 9
Second application of load
50 0 0 0 0 0 0 0 0 0
200 | 108x10%] 100x%x106] 1m2x100| 20x10%] 10x10° | 10x106| 60x105| 60x106| 50x 106
150 216 212 20 Lo 30 30 120 110 100
200 328 328 336 50 50 50 170 160 150
250 18 118 156 &0 60 60 210 200 180
300 561 564 576 80 & 90 270 250 230
350 680 634 TO0 100 100 110 320 300 270
hoo 800 79 12 120 120 130 370 340 300
Ls0 90k - 916 936 130 130 ko 1o 390 350
500 | 103 1036 1060 160 160 170 Y70 k30 390
55 | 11k8 1160 1184 170 180 190 510 480 430
600 | 1268 12680 132 190 200 220 560 530 480
65 | 1392 1ho0 ko 200 210 2o 600 570 520
700 | 1316 152k 1548 220 230 270 650 530 370
750 | 16ko 1656 1708 2h0 250 290 TO0 670 610
Firat application of loed

50 0 0 0 0 0 0 ) 0 0
00 | ---- 100 100 20 10 10 ko 40 ko
150 | ~w-= 210 220 My 20 20 100 90 90
200 - 320 330 50 ko 50 150 150 140
250 | ---- 450 L0 8o 60 60 210 190 180
300 ——— 570 570 80 80 90 260 250 230
350 | ---- 690 690 100 100 110 300 300 270
Loo ——- 810 810 120 120 130 350 3% 310
150 | ---- 910 930 150 130 150 420 390 350
500 | 1030 1050 1060 170 1% 1m0 k10 430 390
550 | 1160 1170 1180 190 170 190 520 470 11:33
600 | 1270 1290 1310 200 190 210 560 520
&50 | 1k00 1410 11;;% 220 20 % glO 260 ;g
700 | 1320 1520 1 2 230 50 10
50 | 1640 1650 1700 22(0) 250 300 T00 670 £10

82
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. TABLE 2,— OBSERVED STRAINS, AVERAGE VALUES, AND COORDINATES FOR POINTS AT
WHICH GAGES WERE LOCATED ON BEAM TESTED (AXES SHOWN IN FIG. 1)
Coordinates’ Shear Coordinates Shear
strain, strain,
Gage x y ® Gage x y e
: = xy
(1n.)| (1n.) (1n./in.) (1n.) 1(10.) | (4n./in.)
(1) (2) | (3) (W) (5) () | (7 (8)
West face East Face
1, 2, 3| o.97|n.u8 | mi2x10®| 1, 2, 3 -1.03] .48 | w26 x 106.
L, 5, 6 .38 | k.49 1140 L, 5, § - L.43 —1400
7, 8, 9| ~-.b4o|L.u8 91k 7, 8, 9 Lo bk 946
10, 11, 12| -1.01 | 4.48 —31% 10, 11, 12 -.ko| 3.72 —316
13, 14, 15¢ .37(3.71 376 13, 1k, 15 41 3.73 338
16, 17, 18} —.ho [ 3.72 —260 16, 17, 18 Lol a.72 ———
19, 20, 21 37| 2.72 | 50 19, 20, 23y -—.Lko| 1.48 -50
22, 23, 24| —.40|2.73 58 22 99! .23 ———
25, 26, 27 .38 1.48 ——— 23 .99| .00 ———
28, 29, 30| -.40 | 1.48 —36 2h 1.00| -.19 ——
- 31 5.0L| .02 —— 25 01| .22 ——
32 5.01{ .21 —ie- 26 -.01| —.17 ———
33 5.00 | —.17 — 27 01} .39 ————
34 Ok .22 —— 28 00| .01 ———
35 .95 | =17 ———— 29 =1.04| .21 ———
36 94| .02 — 30 -1.03| .00 ——
37 -.03| .23. | =--- 31 ~1.,04| —.17 ———
38 —-.03}{—.17 —— 32 00| 4.48 ——=-
39 —-.0%| .38 —— Top of beam L.66 -——-
40 —.0L| .03 ———
b1 —1.04 | —.17 ———
L2 -1.05| .23 -——
43 -=1.05| .03 —-—- Average 0,40} L.48 1100
hh -5.00 | .23 ——— values £ 40} 3.72 322
45 ~4.99| .02 —— (both + Lol 2.72 5
L6 —5.00 | —.17 - faces) + .40 1.48 43
L7 —03 | 4.148 ———-
- Top of beam 4,66 —
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PABLE 3.~ LOAD-STRATN DATA OBTAINED IN FINAL TEST OF BEAM
-‘readings. Strain incre—
in./in.) ment from
Gage 0 to %00 1b
15-1b load | 100-1b load | 200-1b load | 300~1b load| 400-1b load| 500-ib load | 600—1b load {in./1n.)
1 (2) £3) (h) {5) (6) {7 (8) {9)
w | 582x 206 | 560 x 206 | 536 x 2076 | 505 x 306 | L79 x 206 | k52 x 206 | k3o x 200 | —p72 x 106
N 339 340 341 341 342 342 3h2 6
W | 339 341 350 360 370 381 384 83
It 585 570 553 537 520 505 ko ~170
W | 935 896 832 1767 700 625 553 =670
(504 632 62 655 673 686 T00 699 150
™ | 550 Skl 53)4 528 527 528 532 —oh
& | 960 93k 8718 810 720 615 k95 -748
w | 646 660 675 685 690 658 698 76
10w 780 760 125 702 678 648 615 -2Th
1w 575 57g 5TT 575 575 573 573 O
Iaw Lot b2 heg "330 k30 L38 L 20
13w 587 580 573 570 566 562 554 o
1w | 1000 970 915 863 812 763 720 —696
1W | TAT 135 718 699 681 661 647 180
16w 682 678 671 667 660 654 648 52
i T9¢ 761 707 €60 610 540 520 =480
18 735 728 T10 TO0 686 672 660 =136
1w | 68h 679 672 664 660 652 647 -
200 700 685 662 640 620 600 580 —-210
21W eh2 635 620 612 600 589 578 -112
oM 582 578 568 562 556 550 5ka ~T0
23W 08 892 862 840 818 790 770 —24l
=ihi 8Lo 836 815 80% 790 8. 762 -128
"19E 590 588 585 583 582 i3 581 -18
208 635 616 598 580 565 578 532 ~-160
21E 570 565 558 553 5hg 553 532 -6l
28w | 692 650 685 680 67 672 670 ~44
20W 512 502 Loo 480 L6k 452 Luo -128
30W 654 650 642 636 630 622 615 -68
11 | 755 673 625 zgg 520 465 18 528
128 726 708 700 678 665 658 ~120
168 695 693 690 687 683 680 679 —30
T8 } 582 55k 525 500 2 448 423 —o5h
8 790 748 720 697 668 635 595 -272
gE 452 487 511 531 . 557 578 602 210
LE 578 545 522 500 480 458 yhe —e0
68 898 842 803 760 710 660 600 -L50
5K 270 312 342 383 k21 kss 48 360
1e 585 559 533 500 478 Ls0 k25 -270
b= Los Lol Loz Loz Lo1, o0 399 -5
E | 351 360 365 3712 380 385 392 T0
13E | 3591 592 593 593 593 593 593 4
1E | 890 807 T45 687 630 573 520 =574
15E 540 526 524 502 493 482 412 -116
10E 695 694 650 688 686 €82 680 -8
32E | 692 720 588 55 327 211 111 ——--
Lk | 1003 875 682 505 337 210 100 -
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TABLE k%.— FIASTIC PROPERTIES OF SITKA SPRUCE BEAM

FROM TESTS OF COUPCHS

Test value
Propertyl Average
Coupon 1 | Coupon 2 value
Modulus of rigidity in shear (1b 90,560 90,820 90,690
per sq in,)
Modulus of elasticlty in compres—
slon
B (1 per sq in.) 1,641,000 | 1,757,000 [1,699,000
Ep (1b per sq in.) . 34,870 40,950 37,910
Poisson's ratio
G'LT 0.’4—6 0.50 0.h8
OIB .EL .25 .23
i, .01 .02 .02
UII'R .66 -66 -66

lL, T, and R refer to directlon of grain, direction tangent to growth
rings, and direction perpendicular to growth rings, respectively.
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TABIE 5.~ COMPUTED STRAINS IN BEAM AT 500-POUND IOAD FOR

% = 0, 0.125, AND 0.25 AND COORDINATES OF POINTS

)

Coordinates Compu?ig.7:;?§n, exy
X y
(1n.){(1in.) B =0 in, 8 = 0.125 in. 5 = 0,250 in.
0.40 |1.48 33.72 x 106 33,25 x 106 30.87 x 1076
Lo j2.72 80.46 T4.39 68.95
40 13.25 1k6.22 131.15 118.17
40 [3.72 312.10 266.53 229,38
40 | 4,10 T77.67 610.70 188,07
<40 [ h.30 1490.50 1088.34 813.02
40 | k.08 2591.00 1832.24 1280.66 .
L0 [ h52 | meeeaan 1922.92 1344.37
A0 [h56 | mmmmme- 1805.47 1308.34
L0 14,60 | cmmmme- 1361.33 1059.90
A0 [ k66 | —eemm-- .06 .06

NACA,
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Figure 1.- Orientation of axés and dimensions of beam.
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Figure 2.- Assumed loads on a finite beam.
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I,y-axis (plane of load)
x-axis - '
=45 - g -43

38-
40=
37

p- West-face"center line 3-
se-.

32=

West face

To& of beam-\

| |
Top of beam
\

DOk
Fast face

Gages used in final
experiments

Gages used in pre-
-

. liminary tests
' only

27—
-29 25 =
=30 28—

X=-axis _

§§:" E_ast'face”C_e_I_lter line

Figure 5.- Positions of electric-resistance-type strain gages on.
both faces of beam.
gage centers.)

(See table 2 for x- and y-coordinates of
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Figure 6.- Curves of load against strain for 48 gages in vicinity of

load point.
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o
Top of beam,
45 6= 0.250-%_-‘_;'_'____,2::' . e § = 0.00 inch
[ 6 = 0,125 inch
1\ 7

o Strain computed by advanced theory

x Average observed strain

S 8
—

y=-coordinate, in.
S
/

S

/S'i:raﬁn computed by elementary theory

o

o Center line of beam

|EI

o 200 00 &0 800 000

Figure 7.- Comparison of observed strains with curves showing strains computed

%00 1800 2000 2000 2400  P600 2900110~

200  MOO
Shear stra.in,ex.y

along the line x = 0.40 from y = 0 to y = 4.66 at 500-pound center load. Both

the elemeniary theory and the advanced mathematical theory of this report were

uséd, with & equal to 0.0, 0,125, and 0.250 inch,
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